We estimate the impact of community college tuition subsidies on postsecondary enrollment using a novel source of variation in tuition sticker price. In many states, community colleges (or two-year colleges) receive support from college taxing districts, which draw funds from local property taxes. In-district college taxing district residents face much lower tuition prices than persons who live nearby but outside college district boundaries. We collect two decades of Texas community college taxing district boundary information and merge this data to large household samples from restricted U.S. Census Bureau, allowing us to identify college taxing district residential status using census blocks. We use two basic approaches to estimate tuition impacts. The first approach uses differences in community college tuition faced by individuals who reside inside and outside local college districts. The second approach uses difference-indifferences methods and compares persons who live in high-subsidy college taxing districts to those who live in low-subsidy college districts. For this version of the paper, we find that the estimated tuition effects depend on the sample. Our estimates are negative and statistically significant for 18 to 24 year olds and persons who are 18 and older.
Introduction
Despite the large returns to college (Oreopolous, 2013) , college attainment rates in the United States have stagnated in recent decades (Turner, 2004) , and reversing this trend is an important goal of policymakers. Coinciding with the slowdown in college completion has been a sharp increase in tuition. Over the last twenty years tuition has increased by 60 percent and 115 percent at two-and four-year public colleges, respectively (College Board, 2013b) .
2 These tuition increases are one possible factor that might be contributing to lower attainment rates (Deming and Dynarski, 2010) . This is especially true for students from disadvantaged backgrounds for whom costs might be an especially large impediment to attending college and who might lack knowledge about financial aid opportunities (Dynarski and Scott-Clayton, 2013) .
A large body of literature has emerged on the effect of college costs on student outcomes, with many of these studies focusing on the impacts of financial aid programs. 3 In contrast, there are fewer studies that focus on the effects of changes in the "sticker price"
charged by colleges, despite the attention increases in tuition have received from policymakers and the public. 4 There are even fewer studies examining the impact of variation in community college tuition despite the fact that most undergraduates in the U.S. initially enroll in a community college (Berkner and Choy, 2008) .
5
This paper uses a novel source of variation to identify the effect of tuition on college attendance generated by community college taxing districts (CCTD). In many states, community colleges are funded in part through local property taxes and tuition is set at the CCTD level. In the state we use for this analysis, Texas, local property taxes generate at least $1 billion annually for community colleges, or 30 percent of the total revenue for community 2 Declining state appropriations for higher education partially explain these increases. For instance, from 2007-2008 to 2012-2013 total state appropriations declined by 19% (College Board, 2013a), while over this period community college tuition increased by 25 percent and four-year college tuition increased by 27 percent. 3 See Deming and Dynarski (2010) , Dynarski and Scott-Clayton (2013) , and XXX for reviews of this literature. 4 This literature has produced a range of estimates varying from a four percentage point decrease in enrollment for a $1000 dollar increase in tuition (Leslie and Brinkman, 1987; Neill, 2009) up to a 16 percentage point decrease (Kane, 1995) . Studies including Kane (1994 Kane ( , 1995 , Cameron and Heckman (2001) use variation in tuition within states over time and control for state and year fixed effects, although there still may be bias if there are changes in average tuition rates that are also correlated with changes in unobserved state-level variables (e.g., unmeasured changes in labor market conditions) that influence the probability of college enrollment (Card and Lemieux, 2000) . 5 The studies on the effects of community college tuition generally find that community college enrollment is more sensitive to changes in tuition than is enrollment in four-year colleges (Kane, 1995; Cameron and Heckman, 2001; Rouse, 1994) . Nutting (2008) finds that enrollment in academic programs at community colleges is more responsive to tuition changes than it is for vocational programs.
colleges from the state or local governments. Further, CCTDs do not cover the entire state, so some residents do not live inside any CCTD. These individuals are charged higher tuition to attend a college in a CCTD than are residents of that CCTD. Across the state, there is wide variation in both the in-district tuition as well as the difference between the in-and outof-district tuition.
We exploit this type of variation to estimate the effect of tuition rates on college attendance. In particular, we estimate models that relate college enrollment to the interaction between CCTD residence and the in-and out-of district tuition difference. This type of model allows us to control for many potential confounds that are related to the "main effects" of residing in a particular CCTD, the levels of in-and out-of district tuition, and the difference between in-and out-of-district tuition. In future versions of the paper, we will also exploit variation in the tuition someone would face that arise from changes over time in the coverage of CCTDs that result from CCTD expansions.
To implement this research design, we use twenty years of geocoded data on community college district boundaries merged to restricted-use data from the 1990 and 2000
Census and 2004 -2010 American Community Surveys (ACS). Crucially, these ACS and
Census data have very detailed information on where an individual lives. Specifically, the data identify the Census block in which an individual resides. Since only about 100 people live in a Census block, we are able to accurately determine whether an individual lives in a particular CCTD, as well as create precise measures of the distances to CCTD boundaries and to different community college campuses.
Based on our estimates from the main empirical model, a $1000 increase in tuition is estimated to statistically significantly decrease college enrollment rates of 18-24 year olds by There is however, substantial heterogeneity in the estimated effect by the poverty level of the household of the individual. In fact the estimated effect is either positive or if negative, not statistically significant for individuals living in households below 200% of the poverty level. This may be due to the fact that tuition rate increases for these low income individuals may be offset, at least partially, by increases in the amount of Pell grants that they qualify for. 6 However, for individuals in families whose income places them at 200% of the poverty level or above, the estimated effects are always negative, and mostly statistically significant, and imply that a $1000 increase in tuition will decrease enrollment by from between 2.4 and 11.5 percentage points depending on poverty level group and sample for individuals between 18 and 24 years old and from between 0.7 and 5.6 percentage points for individuals ages 18 and older.
Higher Education in Texas
Texans have a wide-ranging menu for college choice. Texas has both an extensive system of public four-year colleges and comprehensive system of public community colleges.
More than half of those in public post-secondary education in Texas are enrolled at two-year colleges as compared to about 40% nationally (U.S. Department of Education, 2014). 10 Texas public community colleges receive funding revenue primarily from three sources: tuition and fees, state appropriations and property taxes. 11 In Texas and other states, community college taxing districts are a pillar of public college financing. Community college taxing districts (CCTD) are special-purpose taxing districts designed to help finance brick-and-mortar public two-year colleges serving the postsecondary education and workforce development needs of a region. Most states organize their public community colleges around such districts (Cohen and Brawer, 2003) . 6 For example, in 2014 a family of 4 with 1 dependent child in college would qualify for the up to the maximum Pell amount if family income was 100% the poverty level, up to about $3500 if family income was 200% the poverty level, and not qualify for a Pell if the family income was 300% of poverty level or higher.
10 Undergraduate enrollment at 4-year public institutions in Texas was over 461,000 in the Fall of 2013 while enrollment in 2-year public institutions was about 720,000 (Texas Higher Education Coordinating Board, 2014) . 11 State appropriations for community colleges can be used only to support general instructional or administrative costs, while revenue generated from property must go toward supporting and maintaining infrastructure. Schools are unrestricted in their use of tuition.
Fifty taxing districts in Texas assess local property taxes to support and maintain infrastructure. Figure 1 provides an illustration of Texas districts in 2010. As can be seen from the figure, a substantial fraction of the geographical area of Texas is not located in a CCTD. 12 Virtually every metropolitan area in Texas, however, is located within a CTTD.
In return for local support, CCTD residents typically face lower, more favorable indistrict tuition rates at an affiliated college, compared to others. 13 In FY2013, total revenues for Texas community colleges equaled $5.1 billion. Of this $1.6 billion was through local property tax revenues, $1.2 billion was from state appropriations, and $860 million was from net tuition revenues. To map the boundaries we first determined the 1991 Texas CCTD boundaries. Evidence used to construct the boundaries included publicly available documents such as community college websites and course catalogs; for those without publicly available documents, relevant appraisal districts and colleges themselves were consulted for further information. Most CCTDs follow the boundaries of constituent entities, commonly counties or independent school districts 12 In 1995, the state legislature designated "service areas" for each community college to ensure that all areas would have access to public colleges (TACC, 2006) . It is important to bear in mind that the introduction of these college service areas does not affect the cost structure faced by individuals. Enacting service areas would erect barriers in the sense of preventing other colleges from competing spatially. However, individuals are still free to choose to attend any two-year college but must pay the out-of-district costs. 13 State law requires out-of-district and out-of-state tuition to be at least as high as in-district tuition (TEC 54.051 Using the confidential census block identifiers in the Census and ACS data along with the GIS CCTD boundary data, we calculated the distance to every community college main campus in Texas and the (closest) distance to every community college taxing district for each household in the three sets of data.
15
We collected information on tuition rates from several sources. The Texas Association of Community Colleges (TACC) maintains tuition and fee data for in-district and out-of-district fulltime students at each community college taxing district located in
Texas for academic years 1997 through 2010. Since the sample period of the study includes years before 1997, a public information request survey was mailed to each taxing district in order to backfill the sample data. The survey included a request for tuition and fee data for fulltime students, as well as information regarding any out-of-district fees assessed for students who reside outside of the community college taxing district. We received tuition 15 For individuals living within a particular CCTD the distance to the boundary of that CCTD is denoted by a negative number.
and fee data for each of the taxing districts, as well as catalogs and documentation for most academic years. From this data we determined the tuition rate (per semester) an individual would face if they attended full-time (15 credits) a community college (in 2010 constant dollars) if they lived in the CCTD or if they lived outside the CCTD.
Finally, using this geographic location information and the community college tuition data, for individuals who reside in a CCTD we assign to them the in-district full-time tuition rate. For individuals who do not live in any CCTD, the tuition rate assigned to them is the tuition they would have to pay for full-time attendance at the community college in the CCTD that is closest to them. Individuals who do not live in a CCTD pay a higher tuition rate than those who do. The data contains those living in a housing unit or non-institutionalized group quarters, which includes both college dormitories and college quarters off campus (Census, 2007) and excludes those in institutionalized group quarters (e.g., prisons). 
Methodology
To examine the effect of tuition rates on the probability of attending college we estimated a series of linear probability models. The main source of tuition variation that we exploit is the variation arising from the fact that individuals living inside community college taxing districts face lower tuition rates than those living outside a community college taxing district.
With the 1990 and 2000 Census data we estimate the model
where T ij is the tuition faced by individual i whose closest taxing district is j, x i is a vector of characteristics of individual i, δ j is a fixed effect for the j th CCTD and ! is the error term.
Since the ACS data pools data from 2004 to 2010 we estimate
where T ijt is the tuition faced by individual i whose closest taxing district is j in year t, x it is a vector of characteristics of individual i in year t, δ j is a fixed effect for the j th CCTD, ! is a year effect, and !" is the error term. We can identify the effect of T ij on enrollment in the Census data, even though there is no time-variation in tuition rates, because individuals who live inside the j th CTTD face a lower tuition rate than those whose closest CCTD is j but live outside any CCTD.
In addition to the tuition rate faced by an individual, we also controlled for several other factors that may influence whether an individual attends college. In particular, we controlled for an individual's age, race, gender, and the interaction of race with gender, whether the individual has a disability, the individual's place of birth (Texas, outside Texas in United States, outside United States), whether the household migrated within the last five years for the Census data and within the last year for the ACS data (migrated, migrated within Texas, migrated across counties within Texas), household poverty status (< 100% poverty level, 100%-199% of poverty level, 200%-299% of poverty level, 300%-399% of poverty level, 400%-499% of poverty level, 500%+ poverty level) and weeks worked in the previous year. We also include as a control in our estimations the distance from the census block in which an individual resides to the closest community college since individuals who live further from a college are, all else equal, less likely attend college but are also more likely to live outside a CCTD and, hence, pay a higher tuition rate.
We estimate models first by restricting the sample to individuals 18 -24 years old.
These are the ages that individuals traditionally attend college. In other estimations, we include all adults 18 and older. In order to investigate whether the effect of tuition rates on the probability of college attendance varies by different subgroups we also estimated models that included as control variables, interactions of the tuition variable with, race, gender, and poverty status. In all our estimates we cluster the standard errors at the Census tract level.
These regression models will yield unbiased estimates of the effect of tuition rates on college attendance only if there are no uncontrolled differences related to both the probability of college attendance and tuition rates. To test the sensitivity of the estimates, an alternative model is estimated that identifies the effect of tuition rates on college attendance by using variation across CCTDs in the tuition differences between those living within the CCTD and those living outside a CCTD. Define the subsidy amount that an individual receives as the difference between the out-of-district tuition rate and the actual tuition rate that an individual pays. The subsidy of individuals living outside a CCTD is then equal to 0 while the tuition subsidy for those living within a CCTD is equal to the difference between the out-of-district and in-district tuition rate. The subsidy effect is estimated by comparing differences in the probability of attending college between those living inside a CCTD with a subsidy above the median subsidy level to those living inside a CCTD with a subsidy below median subsidy level. The implicit assumption is that for both low subsidy and high subsidy
CCTDs those living inside the CCTD may differ from those living outside the CCTD for unobserved differences that may be correlated with college attendance, but only those living in a high tuition subsidy CCTD are directly affected by the tuition subsidy. 19 Let HS ij be a dummy variable that equals one if an individual i resides in a high tuition subsidy taxing district j and equals zero, otherwise. Also let I ij be a dummy variable that equals 1 if an individual i lives in taxing district j and equals 0 otherwise. The model is then for the Census
where the parameter α measures the effect of the tuition subsidy on the probability of college enrollment. For the ACS data we have (1) and (2) report the estimates from the models in eqautions (1) and (2) when the sample is restricted to traditional college students aged 18-24 19 Alternatively, all else equal, the difference between those living within a low subsidy CCTD and those living outside the CCTD could equal η + αl and the difference between those living within a high subsidy CCTD and those living outside the CCTD could equal η + αl + αh where η are unobserved differences in college attendance probabilities unrelated to tuition. The parameters η and αl, however, are not separately identified.
Empirical Results
years old while columns (3) and (4) (1) and (3) report estimates when the distance to the closest community college is excluded as a control variable while columns (2) and (4) report estimates when the distance to the closest community college is included as a control variable.
As can be seen from column (1) of panel A, when the distance to the closest community college is excluded from the estimations the estimated effect of an increase in community college tuition on college attendance for traditional college students is negative and statistically significant for all three samples with point estimates implying that a $1000 increase in (semester) tuition rates would lower the college enrollment rates of traditional age students from between 4.0 and 12.2 percentage points.
Including distance to the nearest community college as a control variable, however, leads to a substantial reduction in the estimated magnitude of the effect of tuition on the probability of college enrollment of traditional age students. As can be seen from column (2) of panel A, only the estimated effect for the 2000 Census sample remains statistically significant and implies that a $1000 increase in tuition would decrease enrollment by 5.4
percentage points.
Columns (3) Census sample of individuals 18 and older, the estimated effect of tuition on college enrollment varies by race with whites being the only group where the tuition rate has a statistically significant negative effect on college enrollment. The point estimate for whites implies that a $1000 dollar increase in tuition would decrease the probability of college enrollment by 4.1 percentage points.
For the 2000 Census sample of 18 to 24 year olds, there is statistical evidence of racial differences in the estimated effect of tuition rate on college enrollment with the estimate effects being negative and statistically significant for Native Americans, Asian
Americans, and Hispanics. The point estimates imply that a $1000 increase in tuition would decrease the probability of college enrollment by 14.6%, 7.6%, and 9.2% for Native Americans, Asian Americans, and Hispanics, respectively.
When enrollment in a public college is the outcome variable, the empirical results with respect to heterogeneous effects of tuition rates are similar to those when enrollment in any college is the dependent variable. One difference, however, is that for the 2000 Census sample of 18-24 year olds the estimated effect of the tuition rate, while still negative, is smaller in magnitude and no longer statistically significant for Asian Americans.
The only statistically significant evidence of gender differences in the estimated effect of tuition rates on the probability of college enrollment is for the 1990 Census sample of individuals 18 and older where the estimated decrease in enrollment for an increase in tuition is larger for males than females. For all colleges, the point estimate for males implies that a $1000 increase in tuition would decrease the probability of enrollment by 3.9 percentage points while for females the estimated decrease is 2.5 percentage points. The later estimated effect, however, is not statistically significant. When focusing on public college enrollment the estimation results are similar except the point estimates are smaller in magnitude for both males and females, with the estimated effect for males now only statistically significant at the 10% level.
The results of testing for heterogeneous effects by poverty level are presented in columns (2) and (4) of Table 5 when a control for distance to the closest community college is included in the estimations. In general, there are statistically significant differences in the estimated effect of tuition rates on college enrollment for all samples, except for the 1990 sample of 18-24 year olds when the outcome variable is any college enrollment. The estimated effect of tuition is always positive and in many cases statistically significant for individuals in households at less than 100% the poverty level. For individuals in households between 100 and 199% of the poverty level, the estimated effect is both positive and negative depending on which sample is used and the outcome variable but is never Turning to the implied impacts for the 2000 Census sample of 18 to 24 year olds, the estimated effect of a $1000 increase in tuition rate on the probability of college enrollment is a statistically significant 11.2 percentage points for those individuals in households at less than 100% the poverty rate. For those individuals in households between 100% and 199% of the poverty level the estimated impact is negative but not statistically significant. For those between 200% and 299%, 300% and 399%, 400 and 499%, and 500%
or above the poverty level the estimated effect is a decrease of 10.0, 11.5, 9.3, and 10.5
percentage points, respectively, in the probability of enrollment in any college.
For the 2004-2010 ACS sample of 18-24 year olds, the estimated effect of a $1000 increase in tuition on the probability of college enrollment for those less than 100% the poverty rate is a statistically significant increase of 8.3 percentage points. For those individuals in households between 100% and 199% of the poverty level, the estimated impact is negative but not statistically significant. For those individuals in households between 200% and 299%, 300% and 399%, 400 and 499%, and 500% or above the poverty level the estimated effect is a decline of 2.4, 3.2, 5.3, and 3.3 percentage points, respectively, on the probability of enrollment in any college.
For the 1990 Census sample of 18 to 24 year olds the only statistically significant estimate is that associated with those at less then 100% of the poverty level and implies that a $1000 increase in tuition would increase probability of enrollment in any college by 9.6
percentage points. The pattern of estimated effects when the outcome variable is enrollment in a public college is similar to those for enrollment in any college. See table 5 for details.
For individuals 18 and older, the estimated effect of a $1000 increase in tuition rates on the probability of enrollment in any college for those at less than 100% of the poverty As mentioned above one potential limitation of the above analysis is that there may be unmeasured differences correlated with tuition rates between locations within a CCTD and locations outside CCTDs that are related to college enrollment. If this is the case then the estimated effect of community college tuition rates on college enrollment will be biased.
To address this possibility we estimated the models described either by equations (3) for the 1990 and 2000 Census or (4) for the ASC both for those aged 18 to 24 and for adults 18 and older.
Model estimates are presented in Table 6 where columns (1) and (3) ( (2) and (4) As shown in Table 7 , there is statistically significant race differences in the estimated effect of a high tuition subsidy for the 2000 Census and 2004-2010 ACS samples, while as seen in columns (2) and (4) of Table 8 , there are no statistically significant gender differences at conventional significance levels. Table 9 reports the results of tests for differences in the effect of a high tuition subsidy on the probability of enrollment by poverty level. Here we see that there are statistically significant differences the estimated effect of tuition subsidies on the probability of enrollment by poverty level for all samples except the 1990 Census sample of 18 -24 year olds and the 2000 Census sample of adults 18 and older when the outcome variable is enrollment in any college.
Discussion and Conclusions
This paper exploited the variation in tuition rates between those living in community college taxing districts and those living outside community college taxing districts in Texas to estimate the effect of tuition on college enrollment. Overall, there was evidence that increases in tuition rates statistically significantly reduced the probability of enrollment but further estimations revealed that the effect is mainly concentrated among individuals living in households whose income was equal to 300% or more of the poverty level. One limitation of this study is that the Census and ACS data do not distinguish between those who are attending community colleges and those attending four-year colleges and those attending. Lowering the community college tuition rate may cause some individuals to switch from attending a four-year college to attending a two-year college. While the extent of this cannot be determined from this data, in ongoing research of ours we are using administrative data from the UT-Dallas Education Research Center to estimate the magnitude of this "crowd-out" effect (also see McFarlin, 2007) .
Another issue not addressed in this paper is the extent to which changes in tuition rates also affect college persistence and graduation rates and ultimately individual earnings levels. This is left to future research. We also did not exploit the fact that over time some community college taxing districts in Texas have been expanding. Thus, individuals living in certain geographic region may have outside any CCTD at one point in time but be within a CCTD at a latter point in time. This variation could form the basis of a difference in differences estimation. Again, we leave this to future research.
Finally, while we controlled for distance to the nearest community college, we did not include controls for distance to the closest four-year college. In future research, we plan to check the robustness of our findings to adding this measure as a control variable.
We also are planning to investigate whether distance to the closest four-year college has a moderating effect on the impact of changes in community college tuition rates on college enrollment. Further, we are planning in the future to look at narrower distance bands around the community college and to look more explicitly at differences between traditional and non-traditional students. 
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